Effects of a high potassium (40 mM) medium on the survival and differentiation of sympathetic ganglion cells from chick embryos were studied in dissociated cell culture. In the high potassium medium, survival of the sympathetic ganglion neurons was improved and catecholamine fluorescence of the nerve fibers increased with several days in culture, while acetylcholinesterase activity was slightly positive. In contrast, in the control medium, catecholamine fluorescence was only faintly observed, while acetylcholinesterase became strongly positive. Catecholamine fluorescence was intensified by increasing the potassium concentration in a medium, while it was diminished by reversing the potassium level back to the normal one. The effect of the high potassium medium on catecholamine fluorescence was reduced by Ca++ influx inhibitors, diltiazem or Mg.++ It is suggested that the high potassium medium increased the survival rate and prevented the sympathetic neurons from becoming cholinergic and allowed them to develop their adrenergic properties presumably through an increased level of the intracellular Ca++ due to Ca++ entry. sympathetic ganglion ; potassium ; cell culture ; differentiation Membrane potential is known to be an important factor involved in the mechanism and regulation of neuronal transmission. A question remains, however, if it has any trophic effects on neurons themselves. It has been shown that chronic depolarization of the cell membrane by an elevated extracellular potassium (K+) level increases the number of surviving neurons in culture of several cells, such as cerebellar neurons, ciliary ganglion neurons and dorsal root ganglion neurons
Membrane potential is known to be an important factor involved in the mechanism and regulation of neuronal transmission. A question remains, however, if it has any trophic effects on neurons themselves. It has been shown that chronic depolarization of the cell membrane by an elevated extracellular potassium (K+) level increases the number of surviving neurons in culture of several cells, such as cerebellar neurons, ciliary ganglion neurons and dorsal root ganglion neurons (Scott and Fisher 1970; Scott 1971 Scott , 1977 Lasher and Zagon 1972; Bennett and White 1979; Chalazonitis and Fischbach 1980; Nishi and Berg 1981) . In a few studies, however, effects of elevated K+ on the survival of sympathetic ganglion cells in culture were observed (Phillipson and Sandier 1975; Wakade et al. 1983; Wakade and Thoenen 1984) . Moreover, little has been reported about the effects of elevated K+ on the differentiation of neurons in culture (Hefti et al. 1982) .
Developing sympathetic neurons, in vivo and in vitro, have been found to be plastic with respect to their choice of transmitter (Patterson 1978; Landis 1983) . A number of studies have indicated that environmental factors can influence sympathetic neurons to acquire either adrenergic or cholinergic characteristics (Mains and Patterson 1973; O'Lague et al. 1974 ; Patterson and Chun 1974; Rees and Bunge 1974; Walicke et al. 1977; Kobayashi et al. 1982 Kobayashi et al. , 1984 .
In the present study, we have examined the effects of high K+ media on the viability of sympathetic ganglion cells of chick embryos in culture and the development of their adrenergic systems.
Furthermore, the mechanism of such effects of high K+ media were studied. Present results suggest that a high K+ medium increased the viability of cultured chick sympathetic neurons and caused neurons to express an adrenergic transmitter system presumably through an enhanced Ca++ entry as a result of a sustained membrane depolarization.
MATERIALS AND METHODS
Lumber paravertebral sympathetic ganglia were dissected from 12 or 13 day-old chick embryos. The ganglia were softened by exposure to Rinaldini's Ca-Mg++ free solution containing 0.25° trypsin at 10°C for 10 min. After washing three times in Rinaldini's solution, the ganglia were dissociated by gentle pipetting in a normal K+ culture medium. The final concentration of the dissociated cells was adjusted to approximately 2 x 105 cells/ ml. One drop of the cell suspension was placed on collagen-coated cover slips, which were resting on the bottom of plastic Falcon 35 mm-dishes (Becton Dickinson and Company, Lincoln Park, NJ, USA). Cultures were maintained in a humidified 3° C02, 97°c air atmosphere at 36°C. After 4 hr incubation, 0.3 ml of normal K+ or high K+ culture medium (described below) was added to each dish. Culture medium was changed twice a week. In some experiments the normal medium was changed to the high K+ medium one week after the cell plating, while in others culture was started with the high K+ medium and changed to the normal one after one week in culture. Culture medium consisted of 70% Eagle's MEM, 10% chick embryo extract, 20% horse serum, 500 mg 100 ml glucose and 140 U/ml penicillin. The normal K+ medium with Hanks' base contained 5.3 mM K+, and the high K+ medium contained 40 mM K+ (Scott and Fisher 1970) . The 40 mM K+ medium was prepared by adding KCl without removal of other ionic component including NaCI (Nishi and Berg 1981) . The osmolality of the normal and of the high K+ medium was 325 mosm and 395 mosm, respectively. In the experiment to reduce Ca++ influx, 10 mM MgC12 or 10 M diltiazem (Tanabe Pharmaceutical Co., Osaka) was added to the high K+ medium.
Cultured cells were observed under a phase-contrast microscope (MD, Nikon, Tokyo) and neurons were counted in 10 randomly chosen fields for each dish in a magnification of 200 X . Sixteen dishes (3 or 4 dishes X 5 experiments) were counted for both of normal and high K+ medium groups. Initial neuron counts were carried out 4 hr after plating at which time the normal or high K+ medium was added to dishes. Thereafter cultures were counted at 1, 2, 4 and 8 days in culture. Neuron survival was expressed as a percent of the initial neuron count. Each dish served as own control.
The liquid formaldehyde method (Nakamura 1979 ) was used to demonstrate the presence of catecholamine (CA). Fluorescence was examined under a Nikon fluorescence microscope using a V excitation filter and a K470 emission filter. For demonstration of acetylcholinesterase (AchE) activity, the modified Karnovsky-Roots' and Nakamura's rubeanic acid techniques (Nakamura and Torigoe 1979) were used.
RESULTS

Neuron survival
The initial neuron count of each dish was 200 to 500 in 10 fields at X 200 magnification. Neuron survival in the normal K+ medium declined with time in culture (Fig, 1) . The high K+ medium slowed the rate of decline and after 4 days in culture produced significantly (p <0.01) a higher survival rate as compared on sympathetic ganglion cells in the control medium ; B, high K+ medium ; C, maintained in the high K+ medium maintained in the high K+ medium with Mg* with that in the normal K+ media. After 8 days, the survival rates in the normal and in the high K+ media were 30.5 + 19.9% and 73.9 + 18.5% of the initial count, respectively.
Phase-contrast microscopic observation
In the high K+ medium, living neurons were more numerous than in the normal K+ medium and clustered into aggregates (Fig. 2B) . Under this condition the nerve fibers tended to form thick bundles and non-neuronal cells in the Fig . 3 . Catecholamine fluorescence photomicrographs ( X 200). A, 3 weeks in the control medium ; B, 12 days in the high K+ medium ; C, 7 days in the high K+ medium and then 10 days in the control medium ; D, 7 days in the control medium and then 10 days in the high K+ medium ; E, 14 days in the high K+ medium with diltiazem ; F, 7 days in the high K+ medium with diltiazem and then 7 days in the high K+ medium without diltiazem. background were sparse. In contrast, in the normal K+ medium, nerve fibers showed fine network on the sheet of non-neuronal cells (Fig. 2A) .
Either culturing initially with the normal medium for one week and subsequently with the high K+ or vice-versa, no significant difference was observed between the first week and the following two weeks under phase-contrast microscope. When the high K+ medium was changed to normal, compact aggregations of neurons and the thick nerve bundles were maintained. In addition, the nerve fibers continued to show only a fine network, even after the normal medium was changed to the high K+ medium.
When neurons were cultured in the high K+ medium with diltiazem, the number of living neurons was few, their aggregations was less compact, and the nerve fiber bundles were finer than without diltiazem (Fig. 2C) . The appearance was intermediate between those in the normal and high K+ medium.
In the first week of culture, the addition of Mg++ to the high K+ medium had no effect on the appearance of cultured neurons under phase-contrast illumination (Fig. 2D) . The neurons were numerous, forming compact aggregation, and the nerve fibers were in thick bundles. In the second week, however, neurons in the high K+ medium with Mg++ degenerated rapidly in many dishes.
Transmitter histochemistry
In the normal K+ medium, CA fluorescence was only faintly observed during a period of 20 days in culture (Fig. 3A) . In contrast, in the high K+ medium, nerve fibers with intense fluorescence were observed after 3 days in culture. The fluorescent fibers increased in number and length with time in culture and formed dense networks after 12 days in culture (Fig. 3B) . CA fluorescence of the nerve fibers was diminished when the high K+ medium was changed to the normal one (Fig. 3C) , and was intensified when the normal medium was changed to the high K+ (Fig. 3D ). In the high K+ medium with diltiazem or Mg, CA fluorescence was only weakly observed (Fig. 3E) . It was intensified when these Ca++ influx (Fig. 3F) .
AchE activity was strongly positive in many neurons cultured for 20 days in the control medium (Fig. 4A) . The activity was weak and only at the periphery of the cell soma in the high K+ medium (Fig. 4B) . The addition of diltiazem to the high K+ medium made AchE activity positive.
DISCUSSION
In the present study, the high K+ medium improved the survival rate of dissociated sympathetic ganglion cells, in culture, of chick embryos. Phillipson and Sandler (1975) have reported that elevation of the extracellular K+ levels increased the cell number in the culture of explants of chick embryo sympathetic ganglia. Consistent with studies on other types of neurons (Scott and Fisher 1970 ; Scott 1971 Scott , 1977 Lasher and Zagon 1972 ; Bennet and White 1979 ; Nishi and Berg 1981) , our observations support the general idea on the facilitatory effect of high K+ media on neuronal survival. Changing the normal medium to the high K+ medium or the high K+ medium to the normal, had little influence on neuronal survival, although such treatments produced a clear effect on CA fluorescence. The action of the high K+ medium to improved the neuronal survival seemed to be effective only within the first week in culture.
The neural crest cells that give rise to sympathetic neurons receive an adrenergic signal along their migration pathway (Patterson 1978; Landis 1983) . If the dissociated sympathetic neurons are cultured in the absence of non-neuronal cells, they continue to differentiate adrenergically. If, however, the dissociated sympathetic neurons are grown in the presence of certain types of non-neuronal cells such as heart myocytes or fibroblasts, the cultures develop cholinergic properties (O'Lague et al. 1974; Patterson and Chun 1974; Furshpan et al. 1976 ; Patterson 1978; Landis 1983; Kobayashi et al. 1982 Kobayashi et al. , 1984 . In the body, even in the presence of an abundance of non-neuronal cells, only a few sympathetic neurons become cholinergic. One candidate for the factor in vivo that prevents the sympathetic neurons from becoming cholinergic is the normal excitatory input from the central neurons which is not present in the culture (Black et al. 1971; Black and Geen 1973) .
The present results demonstrate that the sympathetic neurons in the normal K+ medium were faint in CA fluorescence and that some were strongly positive in AchE activity. This suggests that they are induced to be cholinergic by the influence of fibroblasts, the chick embryo extract, or the horse serum (although AchE is not a direct indicator of the cholinergic activity).
On the other hand, in the high K+ medium, even with those assumed cholinergic inducers, CA fibers increased and AchE activity was weak. The depolarization of the neuronal membrane by the elevated K+ concentration might mimic the central input and may have allowed adrenergic differentiation to proceed. Scott (1971) has reported that the number of connective tissue cells was reduced in high K+ media. In the present study the loss of non-neuronal cells, which means a loss of cholinergic inducers, by the high K+ medium might prevent the neurons to be cholinergic. With little influence on non-neuronal cells, however, CA fluorescence of the nerve fibers appeared or diminished when the normal K+ medium was changed to the high K+, or the high K+ to normal. This should be the effect on the neurons themselves without mediation of non-neuronal cells.
It is still remain unexplained how depolarization of the neurons improves neuronal survival and adrenergic development. Nishi and Berg (1981) have suggested that the enhanced growth of ciliary ganglion neurons brought about by elevated K+ levels requires Ca++ entry into the cells. Walicke and Patterson (1981) have reported that Ca++ may also be necessary for the effect that membrane depolarization has on transmitter commitment on sympathetic neurons. In the present study, diltiazem and Mg, two agents thought to block Ca++ flux through membrane channels, reduced the increase in CA fluorescence of nerve fibers which was normally observed with high Kt Ca++ influx might play a role in the effect of high K+ on the transmitter choice in sympathetic neurons.
The influence of Ca++ influx inhibitors on neuronal survival varied with the type of inhibitor, (Mg++ or diltiazem), and also with the period in culture, the first week or the second week. The mechanism by which a high K+ medium affects the cell survival may not be the same as those which determines transmitter choice in sympathetic ganglion cells (Hefti et al. 1982) . 
